Neisseria gonorrhoeae was cultivated in mammalian cell cultures in an effort to determine if this environment will elicit a T4 Ti transition. 
consistently obtained in HeLa, WI-38, and MK2 cells, even when the multiplicity of the gonococcal infection was less than 1 per culture. Growth of the gonococci took place primarily on the surface of the cells, as demonstrated by light and electron microscopy, but occasional bacteria were undoubtedly intracellular. TI colonies were seen at 24 h and were the major population at 48 h. This shift was f'avored by the presence of viable cells, since smaller yields of Ti were obtained when the cells were irradiated or heat inactivated. It was also favored by low pH, since Ti recovery was reduced when the buffering capacity of' the medium was increased. Although the results suggest that Ti gonococci derived from H4 have a selective advantage over T4 in cell cultures, this is not true of all TI and T4 colony types. F62 T4, which does not undergo a T4 -Ti shift, propagated as well as Ti in HeLa cell cultures. The change in colony type of strain H4 to Ti was accompanied by formation of pili and by gain in capacity for deoxyribonucleic acid-mediated transformation. It is concluded that gonococci can undergo T4 -TI phase transition in mammalian cell cultures, but this property is not retained by all strains.
The apparent association of' virulence and avirulence of Neisseria gonorrhoeae with colonial morphology of bacterial isolates as observed and reported by Kellogg et al. (10, 11) has given new impetus to investigations on this important pathogen. In addition to forming distinctive colony types on agar medium, virulent gonococci (designated Ti and T2) possess pili (9, 23) , resist phagocytosis by human leukocytes, are capable of attachment to various types of' host cells (8, 16. 17, 22, 23, 25, 26, 28) , and can act as recipients for genetic transforma- tion (21) . Examination of bacterial colonies derived from clinical specimens from both males and asymptomatic females generally reveal predominantly TI and/or T2 morphologies.
Nonselective in vitro transf'er of' N. gonorrhoeae isolates results in a diminution of' TI and T2 colonies with increasing numbers of' large amorphous colony types (T3 and T4) which were shown to be avirulent in male volunteers (10, 11 (11) .
Spontaneous mutants of F62 resistant to 1 mg of streptomycin sulfate (Sm-R) per ml or 10 ,g of nalidixic acid (Na-R) per ml were isolated on appropriate solid media containing the corresponding antibacterial agents. Strain "H" was Sm-R when received in this laboratory.
All strains and types of N. gonorrhoeae were constantly monitored for purity by Gram stain, oxidase test, and production of acid from glucose but not from maltose or lactose. Maintenance of' cultures. incubation conditions, enumeration, and differentiation of colony types have been previously described in detail (25 All cell lines were periodically checked for pleuropneumonia-like organism contamination by the method of Rothblat (19) .
Inoculation and examination of cultures. Before inoculation with gonococci, the growth medium was removed from the cell cultures and replaced with 1 ml of prewarmed maintenance medium (M199 or minimal essential medium plus 1% [final concentration] nonessential amino acids and 2 mM L-glutamine). Each vial was inoculated with 0.1-ml volumes of' the bacterial suspension, stoppered, and centrifuged at 680 x g in a refrigerated horizontal centrif'uge (International) at 18 C for 1 h (29) . The cultures were placed at 37 C for 30 min, and the medium was withdrawn and replaced with 1 ml of prewarmed, fresh maintenance medium. This point represents zero time in our experimental results.
Uninoculated cell monolayers and maintenance medium receiving the bacterial inoculum were used as routine controls for all experiments.
At various time intervals after inoculation, the contents of the vials were examined as follows. (i) One-tenth milliliter of' the maintenance medium was withdrawn, serially diluted, and plated on GCI medium. ( ii) The remaining medium was withdrawn, and the tissue cells were released from the cover slip by incubation with 0.2 ml of'0.25'% trypsin for 10 to 15 min at 37 C. The released cells were vigorously agitated on a Vortex mixer and 0. Transformants to Sm-R or Na-R were diluted in a saline-cysteine diluent and plated on GCI medium (25 ml of medium per plate). After incubation at 37 C in a CO2 incubator for 3 h to allow for expression, the agar was transferred to a large petri dish containing 25 ml of the medium plus sufficient streptomycin sulfate or nalidixic acid to provide 1 mg/ml or 10 tg/ml, respectively, after diffusion into the upper layer (1, 27) . The plates were then incubated at 37 C in 7% CO2 and the transformants were counted after 18 to 20 h with the aid of a dissecting microscope.
Electron microscopy. The methods of preparing specimens of N. gonorrhoeae for examination of piliation were as described by Swanson et al. (23) . 
RESULTS
Growth of N. gonorrhoeae in mammalian cell cultures. The data in Table 1 represent a summary of the types of N. gonorrhoeae recovered after incubation in cell cultures for 48 h. Although the various avirulent isolates propagated equally well in the mammalian cells, only strain "H" produced phenotypic virulent types after in vitro cultivation.
The following general observations were made on the interaction between gonococcal strains and mammalian cells. Cytological observations. Light microscopy of stained cover slip preparations at times 0, 24, and 48 h postinfection showed that a small number of gonococci gave rise to large numbers of bacterial aggregates on the monolayer within 24 h (Fig. 1A) . It was not possible to clearly identify intracellular bacteria in these preparations. After 48 h, only few cells and extracellular gonococci were observed (Fig. 1B) . During this period of incubation, the monolayers gradually sloughed from the cover slip and the pH of the medium became acid, but the mediLUm did not become very turbid during the incubation period. The above observations suggested that the gonococci did not replicate primarily in the mammalian cells or free in the medium, but at the cell surface. We attempted to confirm our observations on the location of the gonococci by examining by electron microscopy thin sections of monolayers infected with "H" gonococci and incubated for 16 h. Occasional bacteria appeared to be intracellular as evidenced by a surrounding membrane and their close proximity to the nucleus of the cell (Fig. 2A) . Most of the other bacteria observed were extracellular, some near the cell surface (Fig. 2B) .
Alterations and growth of strain "H" propagated in HeLa cells. The data presented in Table 2 Although we were unable to detect Ti colonies in our inocula for these experiments, the possibility existed that very small numbers were present and that they had a selective growth advantage in cell cultures. If this were the case, the data presented in Tables 1 and 2 did not necessarily represent phase transition. To test the possibility that T4 gonococci were contaminated with small numbers of Ti, an end-point dilution experiment was performed ( Table 3 ). The inoculum, containing no detectable Ti, was diluted to the extent that only a fraction of the inoculated cultures were infected. It can therefore be assumed that the 10 infected cultures, of a total of 31, received only one or a very small number of T4 infective units. Still, at 48 h each one of the 10 infected cultures contained Ti gonococci and in all cases, except one, high proportions of this colony type (Table   3 ).
The data presented in Table 2 suggest that Ti gonococci have a selective growth advantage over T4 organisms in cell culture, but this is not necessarily true of strains which do not undergo change in colony type formation. T4 and Ti gonococci derived from strain F62 were grown in HeLa cell cultures independently or as a mixture. Growth and recovery of the individual types in the two cases was approximately the same (Fig. 3) .
Effect of viability of cell cultures and pH on growth and phase transition of H4. H4 gonococci propagated on heat-inactivated monolayers of HeLa cells as well as on viable cells (Table 4 ). The transition from T4 colony types, however, did not occur as efficiently on the inactivated monolayers. These data are consistent with the lowered yield of Ti types from irradiated monkey kidney cells ( Table 1) .
As previously indicated, the growth of gonococci in HeLa cell cultures rapidly lowered the pH of the maintenance medium, and after 48 h the monolayers were virtually destroyed. Experiments were performed to determine if the H4 gonococci would propagate and shift to Ti types in a more highly buffered maintenance medium. The gonococci propagated, but phase transition was reduced (Table 5) . Furthermore, microscope observations showed that the monolayers were approximately 50% intact.
Characteristics of Tl-type gonococci from infected HeLa cultures. In addition to characteristic colony appearances, virulent gonococci are also capable of undergoing DNA-mediated transformation and possess pili. The phenotypically virulent colony types derived from cell cultures (end-point dilution experiment, Table  3 ) were examined for these characteristics. Only bacteria manifesting the virulent types transformed at appreciable levels ( Table 6) .
Examination of F62-Tl organisms served as controls for pili demonstration (Fig. 4A) . Colony types that were phenotypically Ti when derived from HeLa cell cultures also possessed pili (Fig.  4B) . We did not observe pili on F62-T4 or H4 gonococci. environment, since stabilization of' the pH of the cultures with N-2-hydroxyethyl-piperazine-N'-2-ethanesulf'onic acid buffer reduced the recovery of Ti (Table 5) .
DISCUSSION
It is obvious that under the conditions of' our experiments Ti gonococci derived from H4 had a selective advantage over T4. This advantage, however, does not seem to reflect properties of' all Ti and T4 gonococci. In f'act, Ti and T4 colony types derived from another strain (F62) appeared to grow equally well in HeLa cell cultures (Fig. 3) .
The TI gonococci isolated from H4 fulfill two major criteria for classification as TI in addition to colony morphology ( 11): they possess pili ( Fig. 4; 23 ) and can undergo DNA-mediated transf'ormation ( 
